Sulfadiazine Schiff base and Phenyl dithiocarbamate mixed ligand metal complexes have been synthesized and characterized. The characterization of metal complexes is based on the results of the solubility, colour, melting points and elemental analysis as well as the spectroscopic studies. The results obtained from the spectroscopic spectra revealed from the UV-visible showed the presence of chromophoric groups while the FTIR results confirmed that the metals coordinated through the two nitrogen atoms of Sulfadiazine Schiff base and sulphur atom of the N-phenyl dithiocarbamate. Also the antimicrobial activities of the metal complexes proved that the metal complexes are more active than the parent ligands.
Introduction
Coordination compounds exhibit different characteristics properties which depend on the metal ion to which they are bound, the nature of the metal as well as the type of ligand etc. These metal complexes have found extensive application in various fields of human interest [1] . Schiff bases play important roles in coordination chemistry as they easily form stable complexes with most transition metal ions [2] . Schiff base complexes have remained an important and popular area of research due to their simple synthesis, versatility, and diverse range of applications [2] [3] . Sulfadiazine Schiff base is formed from the reaction of sulfadiazine and salicylaldehyde. Sulfadiazine is a useful antibacterial drug with a typical sulfonamide structure. Salicyaldehyde is an organic compound described as a key precursor to variety of chelating ligand by condensation with amines [4] .
Schiff bases derived from an amino and carbonyl compound are an important class of ligands that coordinate to metal ions via azomethine nitrogen and have been studied extensively [5] and reported for their antimicrobial, anti-inflammatory, antitumor, anticancer, antimalarial and anticonvulsant activity [6] . Metal complexes of N-phenyl dithiocarabamates are widely studied due to their biological, chemical, agricultural and industrial applications. The presence of the dithiocarbamate moiety in some biologically active molecules has necessitated interest in their potentials for medical application [7] .
At present, due to increase in resistance to current generation of antibiotics, efforts are being made to develop novel chemotherapeutic targets. Development of metal based pharmaceutical has received tremendous attention [8] [9] [10] .
This work was therefore designed to synthesize, characterize and evaluate the antimicrobial activities of Sulfadiazine Schiff base and N-phenyl dithiocarbamates mixed ligand metal complexes.
Experimental

Materials and Methods
All reagents used were of analytical grade. All chemicals were obtained from Sigma-Aldrich. All the reagents, starting materials as well as solvents were purchased commercially and used without any further purification. The melting points were recorded in melting point apparatus. Elemental C, H, N and S analysis were carried out on a Fison EA 1108 Micro analyzer. The Infrared (FTIR) spectra were recorded by using FTIR, 8300 Shimadzu spectrophotometer in the frequency range of 4000 -400 cm −1 . The ultraviolet-visible (UV-vis) spectra were recorded by using Shimadzu UV-VIS. 160A ultra-violet spectrophotometer in the range of 200 -800 nm.
Synthesis of Metal Complexes
The sodium salt of the Sulfadiazine Schiff base was generated from sodium hy- 
Antimicrobial Studies of the Ligands and Their Metal Complexes
Ten different bacteria and ten fungi were collected from University of Ife
Teaching Hospital, Ile-Ife, Osun state, Nigeria. They were sub-cultured on nutrient agar for bacteria and potato dextrose agar for fungi. Both media were prepared according to manufacturer's specifications. True representatives of each of the different organisms were sub-cultured, their identification and taxonomic studies were carried out to confirm each organism. The confirmed organisms were then prepared for use as test organisms for the antibiotic susceptibility test.
Each of the test organisms was transferred to a liquid medium nutrient broth for bacteria and enriched peptone broth for fungi. They were inoculated for 18 h after which they were used for the test.
Mueller-Hinton agar was prepared according to manufacturer's specification, poured into petri dishes and allowed to set. Sterile swab were then used to seed the set agar plates with each test organism, then an 8 mm diameter cork-borer was used to bore wells in the plates, after which each wells was filled with the solution of each test compound.
Results and Discussion
Elemental Analysis
Elemental analysis of the metal complexes was determined to correlate between the calculated and experimental values of the percentage compositions of carbon, hydrogen, nitrogen and chloride as contained in the metal complexes (Table 1 ). 
Solubility
All synthesized ligands and their corresponding metal complexes show appreciable solubility in dimethyl sulphoxide (DMSO) and other organic solvents such as ethanol, diethyl ether, acetone, propan-2-ol, among others. This finding suggests that the metal complexes are basically non-polar compounds (Table 2 ).
UV/Vis Absorption
The UV-Vis electronic spectra of the ligands and corresponding metal complexes were recorded in dimethyl sulphoxide between 2000 nm at room temperature. The electronic spectra of the synthesized metal complexes and the ligands are shown in Table 3 . In the electronic spectra of the Co(II), Ni, Cu(II), Cd(II), complex shown in the table, three bands were observed. The complex showed a sharp peak of high intensity at 390 nm and the broad peaks at 412 and 500 nm respectively. When compared with those of the free ligands, it is evident that the peaks at 370, 340, 251 and 250 nm all shift to higher wavelengths indicating the chromophoric group of the ligands is involved in bonding with the metal ions in the complexes [11] .
In the electronic spectra of the Co(II) complex shown in the table, three bands were observed. The complex showed a sharp peak of high intensity at 480 nm and broad bands at 500 and 600 nm respectively. When compared with those of the free ligands, we observe that the peaks at 370, 340, 251 and 250 nm all shift to higher wavelengths indicating the chromophoric group of the ligands is involved in bonding with the metal ions in the complexes [12] [13] . On the other hand, Zn(II) complex did not so any sign of absorbance, indicating no d-d transition for being colourless [14] . Table 3 . Spectroscopic studies of metal mixed ligand complexes.
FTIR
λ max (nm) Zn ( 
Antimicrobial Activities
The data of the antibacterial and antifungi activities of the parent ligands and complexes are given in Table 4 and Table 5 The data of the antibacterial and antifungal activities of ligand and complexes are given in Table 4 and Table The antimicrobial studies revealed that metal complexes are more active against the isolated microorganisms than the parent ligands. All the complexes show bacterial and fungal growth inhibition in follow the order: control > metal complexes > parent ligands.
Conclusion
